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(54) BUFFER MEMORY DEVICE 

(57)Abstract: 

PURPOSE: To reduce the overhead for expulsion of old 
blocks from a buffer memory at a block replacement 
time by forcecasting a block in the buffer memory which 



is considered to be unnecessary in the propression of a 
program and preparing for expulsion of these blocks. 
CONSTITUTION: As an optional desired program is 
executed, an address array AA4 is accessed, and 
contents of its lines AWD are read out to AA output 
signal lines 8aW8d, and program identifiers (PID) in their 
entries and a program identifier (CPID) of the present 
executing program on a CPID output signal line 10 are 
compared with each other by comparators 1 laWI Id. S 
flags in AA data registers 13aW13d are set or reset by 
outputs of comparators 1 laWI Id. An S flag detecting 
circuit 1 6 generates the signal which selects reset 
registers out of AA data registers 13aW13d. and this 
signal is sent to a selector 18. 
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(11) Publication number : Japanese Patent Laid-Open No. 51-19453 
(43) Date of publication of application : February 16, 1976 
(54) Title of Invention : BUFFER MEMORY CONTROL METHOD 

1. Title of the Invention 

BUFFER MEMORY CONTROL METHOD 

2. Clainns 

A buffer memory control method 

wherein, in a data processing system having a buffer memory 
and priority managing means which manages priorities of the block 
units with respect to a predetermined number of block units 
transferred onto the buffer memory, Information for managing, with 
respect to pieces of block unit information transferred onto the 
buffer memory, validity of the pieces of block unit information is set, 
the lowest priority is given to invalid block unit information by the 
priority managing means on the basis of the information, and 
information which designates that the block unit information is not 
invalid but should be replaced with respect to the block unit 
transferred onto the buffer memory is set, so that control is 
performed by the priority managing means so that a lower priority is 
given to a block unit with the information. 

3. Detailed Description of the Invention 

The present invention relates to a buffer memory control 
method, and particularly to a buffer memory control method in 
which, in a replacing process which transfers a block unit transferred 
onto a buffer memory, information which designates that 
predetermined block unit information is not valid and information 
which designates that the block unit information is valid but should 
be replaced in comparison with other block unit information is held, 
and control is performed to make it easy to positively replace a block 
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unit to which the former information or the latter information is 
given. 

In a data processing device having a buffer memory, since the 
number of blocl< units which can be stored on the buffer memory is 
limited, control is performed such that a priority order managing 
means is arranged to determine a next replaceable block unit each 
time the buffer memory is accessed. 

In this case, in a conventional technique, according to the LRU 
(Least Recently Used) logic, the highest priority is given to a block 
unit most recently used, and control Is performed such that a block 
unit which is the opposite of the least recently used block unit is set 
as a block unit to be replaced. Even in a method which does not 
employs the LRU logic, a conventional logic which determines a 
block unit to be replaced depends on a passive logic, and a measure 
which determines a block unit which is more likely to be replaced 
than the other block units is employed. In contrast to the passive 
logic, as an active logic, a block unit which is apparently invalid is 
merely designated. 

It is an object of the present invention to designate a block 
unit which is not invalid as information but should be positively 
replaced and to positively replace the block unit by a priority order 
managing means. For this purpose, according to the present 
invention, there is provided a buffer memory control method 
wherein, in a data processing system having a buffer memory and a 
priority managing means which manages priorities of the block units 
with respect to a predetermined number of block units transferred 
onto the buffer memory, information for managing, with respect to 
pieces of block unit information transferred onto the buffer memory, 
validity of the pieces of block unit information is set, the lowest 
priority is given to invalid block unit information by the priority 
managing means on the basis of the information, and information 
which designates that the block unit information is not invalid but 
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should be replaced with respect to the block unit transferred onto 
the buffer nnemory is set, so that control is performed by the priority 
managing means so that a lower priority is given to a block unit with 
the information. Hereinafter, description shall be made with 
reference to the diagrams. 

FIG. 1 shows an embodiment of a data processing system to 
which the buffer memory control method according to the present 
invention is applied. FIG. 2 shows a configuration of address 
information for designating specific stored information in the 
embodiment. FIG. 3 shows a configuration of replaced block unit 
determination according to the embodiment of the present 
invention. 

In FIG. 1, reference numeral 1 denotes a main storage 
device; 2, a central processing device having a buffer memory; 3, a 
buffer memory; 4, a directory which manages address information 
of a block unit stored on the buffer memory 3; 5, a memory access 
device; 6, a command control unit; 7, an arithmetic processing unit; 
8-0 and 8-1, channel control devices; 9, a file control device; 10, a 
large-capacity external storage device; 11, an input/output control 
device; and 12, an input/output device. 

The main storage device 1 is partitioned by block units 13 
each constituted by, for example, 8 words, and has a total of m 
(tags) X n (columns) block units. On the buffer memory 3, for 
example, four block units can be transferred and stored every 
column. When a need arises for accessing information in a block 
unit which is not present on the buffer memory 3, control is 
performed to replace a block unit having the lowest priority of the 
four blocks. More specifically, in response to an access from an 
access source represented by the central processing device 2 or the 
channel control device 8-0 or 8-1, the directory 4 is indexed and 
when necessary information is present on the buffer memory 3, the 
corresponding information is read from the buffer memory 3. When 
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necessary information is not present on the buffer memory 3, the 
main storage device 1 is accessed to transfer the necessary 
information to the access source, and a block unit including the 
information is stored on the buffer memory 3. At this time, on the 
buffer memory 3, a block unit having the lowest priority of the four 
block units is driven out. 

In this case, as the logic for determining a block to be 
replaced, conventionally, an LRU logic is commonly employed. 
Furthermore, when a block unit information present on the buffer 
memory 3 becomes invalid since the block unit information is 
replaced by another device in the main storage device 1, the invalid 
block unit is replaced. 

According to the present invention, in addition to the 
conventional replacing process logic, a block unit to be replaced is 
actively designated. More specifically, 

(1) As shown in FIG. 1, when the channel control device 8-0 
transfers data of the main storage device to the large-capacity 
external storage device 10, information of a block unit including the 
data is stored on the buffer memory 3. However, when considering 
the case after the last data in the block unit is accessed, the 
presence of such block unit on the buffer memory 3 is no longer of 
any value. 

(2) When information accessed by the central processing 
device 2 and information accessed by the channel control device 8-0 
or 8-1 are considered in comparison with each other, a probability of 
sequentially accessing adjacent addresses depending on the 
progress of the process is high in the former In the latter, the 
probability is low. For this reason, the value of the presence of the 
block unit on the buffer memory 3 after the latter access is low. 

(3) When access by an access source is considered, the value 
of the presence on the buffer memory 3, for an access corresponding 
to a user area, for example, is low in comparison to others. 
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(4) With respect to a program in the data processing device, 
in consideration of a monitor mode and a user mode, the value of the 
presence on the buffer memory 3 for the latter is low. 

(5) Depending on a type of a process of the data processing 
device, there are cases where it may be predicted that for a certain 
period of time after information is accessed, the probability of 
accessing the block unit including the information again is nil or very 
low. In such a case, once a specific block unit is accessed, the 
presence of the block unit on the buffer memory 3 is no longer of any 
value. 

In these various cases, a block unit whose presence on the buffer 
memory 3 has no value or less value is designated as a block unit 
which should be actively replaced automatically or by a command. 

The address information according to the present invention, 
as expressed in FIG. 2, Is designated by (tag • address information), 
(column • address information), and (in-block address information). 

In FIG. 3, reference numeral 4 denotes a directory; 13, an 
address register; 14-0, 14-1, 14-2, and 14-3 denote comparing 
circuits; 15, a priority determining circuit; and 16-0, 16-1, 16-2, 
and 16-3, lowest order set flip-flop. 

As is explained in relation to FIG. 1, when the buffer memory 
3 is accessed, the access source sets address information in the 
block units 13 and performs a reading process on the directory 4 
based on column address information. When the column address 
information corresponds to, for example, #0 column, pieces of tag 
address information are simultaneously read from four set positions, 
i.e., a #0 set position to a #3 set position, of the #0 column in the 
directory 4. The pieces of read tag address information are pieces 
of tag address information in block units stored at four set positions 
of the #0 column of the buffer memory 3 (FIG. 1), and are compared 
with the tag address information on the register 13 by the 
comparing circuits 14-0 to 14-3. When non-match signals are 




generated from all the comparing circuits, a flip-flop, for example, 
the flip-flop 16-1 in a set state drives out a block unit stored at a 
corresponding set position on the buffer memory 3, i.e., the #1 set 
position. Then, a block unit is transferred from the main storage 
device 1 to such position. The highest priority is given to the #1 set 
position at which the new block unit is stored, the lowest order is 
newly determined, and the corresponding flip-flop, for example, the 
flip-flop 16-2 is set. 

In this case, pieces of information V which designate whether 
a block unit stored on the buffer memory 3 is valid information are 
stored in the directory 4 at the same time. In a determination of 
the lowest priority, when a block unit having the information V being 
logical ''0" (i.e., invalid) is present, a flip-flop at a set position where 
the block unit is present is set. 

In the present invention, in addition to the priority 
determining process using the information V and, for example, the 
LRU logic, information, shown as information R (not limited to 1 bit), 
which designates that ''information is not valid but should be 
replaced" is stored on the directory 4, and a block unit in which the 
information R is logical ''1" (i.e., should be replaced) is actively 
replaced. More specifically, first, the lowest priority is given to a 
block in which the information V is logical ''0". Secondly, the lowest 
priority is given to a block in which the information R is logical ''1" 
when all the pieces of information V are logical "1". Thirdly, when 
the pieces of information V are logical "1" and the pieces of 
information R is are logical ''1" in all the blocks, the lowest-priority 
block unit Is determined according to, for example, the LRU logic. 

Whichever block unit has the information R being logical "1" is 
determined according to the aforementioned item (1) or (5) or the 
like. A process of changing the information R into information 
being logical ''1" is performed automatically or by a command. 

As described above, according to the present invention, in a 
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process for determining tlie block to be replaced performed by the 
priority determining circuit 15, a block to be actively replaced is 
instead processed, using the information R, so as to have a form 
which can be more easily replaced, and buffer memory control can 
be performed more efficiently than in a method in which, as in the 
conventional process of this type, a logic such as the LRU logic is 
applied such that all the block units which are not invalid information 
are equally regarded. 



